The relationship between the severity of experimental Escherichia coli mastitis and the chemotactic response of blood polymorphonuclear leukocytes was investigated before and during mastitis. Experimental E. coli mastitis was induced in 10 healthy cows by inoculation of the rear right quarters with I d cfu of E. coli. Cows were classified into two groups based on the severity of the mastitis. Bacterial growth in the inoculated quarter was used as parameter that indicated severity.
groups based on the severity of the mastitis. Bacterial growth in the inoculated quarter was used as parameter that indicated severity.
Before and during experimental mastitis, the chemotactic response and the number of circulating polymorphonuclear leukocytes were greater for the moderately diseased cows than for the severely diseased cows. During the first 24 h of the experimental mastitis, the chemotactic response of polymorphonuclear leukocytes decreased in both groups. Recovery of the chemotactic response of white blood cells was more rapid in moderately diseased cows than in severely diseased cows. Possibly, the larger proportion of band neutrophils (the less chemotactically active band neutrophils) partially accounts for the lower chemotactic response of the circulating
INTRODUCTION
Clinical signs of Escherichia coli mastitis show great variability among cows. Variation in functional activity of circulating polymorphonuclear leukocytes (PMNL) has been associated with differences in mastitis susceptibility among individual cows or herds (4, 6, 10, 11, 13, 14, 16) . Only a few studies exist concerning the relationship between in vitro functional activity of bovine blood PMNL before and during experimental mastitis and the severity of ~e disease (5, 11). The correlation was negative between the capacity of blood neutrophils to generate reactive oxygen species before and during experimental E. coli mastitis and the severity of the subsequent mastitis (5). Recently, a relationship has been described between the chemotactic response of circulating PMNL before experimental mastitis and the severity of the disease (11) .
Migration of PMNL from the blood into the udder is thought to be of major importance in host defense against E. coli intramammary infections in cows (2, 5, 6, 7, 9, 18). During bacterial and viral infections, in vitro KREMER chemostatic response of circulating PMNL can be depressed (1, 3, 8, 13, 15) . It is not known whether the in vitro chemostatic response of PMNL during experimental E. coli mastitis is depressed or whether the chemotactic response is related to the severity of disease. The objective of this study was to investigate the relationship between the severity of experimental E. coli mastitis and the chemotactic response of blood PMNL in vitro during the disease.
MATERIALS AND METHODS cows
Ten clinically healthy dairy cows of the Dutch Friesian breed or crossbreeds (Dutch Friesian x Holstein-Friesian) in their third to sixth lactation and wk 3 to 6 of lactation were used. All cows had calved normally, and, from parturition until inoculation, no clinical signs of periparturient disease or mastitis existed. Foremilk samples from the inoculated (right rear) quarters and the control (left rear) quarters were bacteriologically negative for major pathogens, coagulase-negative staphylococci, or Corynebacterium bovis at 2 wk before inoculation and at inoculation. Before inoculation, mean total daily milk production was 26.7 f 5.6 (SE) kg. The SCC of these quarters were below 250,000 cell/ml. Cows were housed in a tie-stall barn and fed wilted grass silage and concentrates according to milk production. Water was provided for ad libitum intake. Milkings were at 0100 and 1400 h.
Experimental Procedures
Experimental E. coli mastitis was induced by aseptic infusion of the rear right quarters with lo3 cfu of E. coli 0:157, suspended in 20 ml of pyrogen-free saline at 0700 h (14). The infused quarters were not milked at the first milking postinoculation (1400 h). The E. coli colony-forming units were counted in foremilk samples from the inoculated quarter; samples were collected aseptically at 8, 15, 32, 46, 54, 72, 104, and 120 h postinoculation. Bacterial counts were determined using a spiral plater (Lameris Laboratory. Breukelen, The Netherlands) on violet red bile glucose agar CM 484 (Oxoid, Basingstoke, Hampshire, England).
Rectal temperature, heart rate, and quarter milk production were recorded as described Journal of D a i r y Science Vol. 76, No. 9, 1993 ET AL. (11) . At d 6, 7, and 8 postinoculation, all cows were treated (1 1). Bacterial growth in the inoculated quarter was used to classify the severity of the disease because this bacterial growth was directly proportional to the variation in clinical signs of the experimental mastitis (6, 7, 11, 14) . To relate the chemotactic response of blood PMNL to the severity of the experimental mastitis, cows were divided into two artificial groups: severely or moderately diseased cows. The 5 cows with the highest bacterial growth in the inoculated quarter were considered to be severely diseased. The 5 cows with the lowest bacterial growth were considered to be moderately diseased.
Blood Sampling Schedule and Analysis
Jugular vein puncture blood samples for chemotaxis assay cell isolation were collected as described (12) at 48 and 24 h prior to inoculation; immediately prior to inoculation; and at 24, 48, and 120 h postinoculation. Chemotaxis of PMNL was measured in white blood cell (WBC) suspensions and in purified PMNL suspensions (consisting of immature band and segmented neutrophils and eosinophils). For total and differential leukocyte counts, coccygeal vein puncture blood samples were collected in vacutainer tubes (VenojectB Terumu Corp., Tokyo, Japan) containing heparin as anticoagulant. Samples were collected at 120, 48, 24, 12, and 3 h before inoculation; immediately prior to inoculation; and at 3, 6, 9, 12, 18, 24, 27, 32, 36, 48, and 120 h postinoculation. Leukocyte counts were determined by use of an automatic cell counter (Sysmex K-lOOO; Goffin, IJsselstein, The Netherlands). Smears were prepared from whole blood and stained by using the MayGriinwald-Giemsa method. Differential counts were determined by counting 100 cells under a microscope.
WBC Isolation
The WBC suspensions and purified PMNL suspensions were obtained as described previously (12). Blood samples were centrifuged for 20 min at 1000 x g (4'C). The plasma layer was discarded during WBC isolation. Plasma and the buffy coat layer were discarded during isolation of purified PMNL suspensions.
Erythrocytes were lysed in two steps by hypotonic lysis (12). After 
Chemotaxis Assay
The in vitro chemotactic response of WBC suspensions or purified PMNL suspension was determined using the under agarose technique (17) as previously described (1 1 ) . Results were expressed as chemotactic differential or chemotactic index (17). Results of five observations per sample are averaged.
Statistical Analysis
Baseline values of the chemotactic response were defined as the mean chemotactic response at 48 and 24 h prior to inoculation and immediately prior to inoculation.
Bacterial growth in the infected right quarters was expressed as the area under the curve (AUC) ( Means and standard deviations were computed, and means were compared by paired r tests or two sample t tests using a microcomputer package (Statistixap NH Analytical Software, Roseville, MN).
RESULTS

Course of Experimentally Induced E. coli MastRIs
The AUC was used to classify the severity of the experimental mastitis. The AUC ranged Mean number (SQ of colony-forming units during experimental Escherichia coli mastitis in moderately and severely diseased cows. *P < .05, **P < .01. and ***P < .Gill. from 199 to 690 cfdh (n = 10). The mean AUC of the 5 cows in the severely diseased group and of the 5 cows in the moderately diseased group were 607 f 71 and 285 f 57 loglo c N h , respectively. Bacterial growth and clearance in both groups are presented in Figure 1. The peak for loglo E. coli colonyforming units was significantly higher (P < .001) for foremilk samples from the inoculated quarter of cows in the severely diseased group than for foremilk samples from the moderately diseased COWS (7.93 f .95 and 5.88 f .91 loglo cfu, respectively). At 120 h postinoculation, the number of E. coli in foremilk samples taken from the inoculated quarters of the severely diseased cows ranged from 1.4 x lo3 to 3.8 x lo8 cfu/ml. In contrast, all foremilk samples from the inoculated quarters of moderately diseased cows were bacteriologically negative at 120 h postinoculation. At d 5 postinoculation, 1 cow in the severely diseased group developed acute necrotic Stuphylococcus uureus mastitis in the right front quarter and was euthanatized. All data obtained from this cow until her death were used.
Leukocyte Counts in the Peripheral Blood
The mean number of circulating leukocytes and neutrophils in severely and moderately diseased cows before inoculation and during experimental mastitis is presented in Figures 2  and 3 . Before inoculation, the mean number of COWS. **p < .01.
circulating neutrophils was higher in the moderately diseased cows than in the severely diseased cows (Figure 3) . In both groups, the number of circulating leukocytes and neutrophils decreased significantly (P < .01) during the first 9 h of infection. From 12 to 48 h postinoculation, the mean number of circulating leukocytes and neutrophils increased significantly (P c .01) in the moderately diseased cows. In the severely diseased cows, the mean number of circulating leukocytes and neutrophils remained low. At 120 h postinoculation, the mean number of circulating leukocytes and neutrophils reached preinoculation concentrations in both groups. The mean number of band neutrophils was not significantly different in either group up to 18 h postinoculation. At 24 and 120 h postinoculation, the percentage of band neutrophils in the severely diseased cows was significantly higher (P < .05) than that in the moderately diseased cows (Figure 4) . The number of circulating eosinophils and lymphocytes was not different in either group during the experimental mastitis.
Course of Chemotactic Response During Experimental Mastltis
Changes in the chemotactic differential, in the chemotactic index of WBC suspensions, and in purified PMNL suspensions before and during experimental mastitis were in the same range. Therefore, only the changes of the chemotactic differential of WBC suspension are presented ( Figure 5 ). Chemotactic response of WBC prior to inoculation was higher in the moderately diseased cows than in the severely diseased cows (Figure 5) . In both groups, the chemotactic response of WBC suspension decreased within the first 24 h of the experimental mastitis. In the moderately diseased cows, the chemotactic response recovered to a mean that was 34 and 83% of baseline values at 48 and 120 h postinoculation, respectively. In the severely diseased cows, the chemotactic response of WBC suspension recovered slightly but remained relatively low up to 120 h postinoculation (average of 24% of baseline values at 120 h postinoculation).
DISCUSSION
Before and during the experimental E. coli mastitis, the chemotactic responsiveness of circulating PMNL was higher for the moderately diseased cows than for the severely diseased cows. The pattern was similar for the respiratory burst activity of circulating PMNL before and during experimental mastitis (5).
During the first stages of the experimental mastitis, the chemotactic response of WBC decreased in both groups (Figure 5) , which is in accord with results from other studies (3, 8, 13, 15) . In the present study, the chemotactic response of WBC recovered more rapidly in moderately diseased cows than in severely diseased cows (Figure 5) . Because immature band neutrophils were less chemotactically active (8), the larger proportion of circulating band neutrophils in the severely diseased cows could partially account for the lower chemotactic response of the circulating PMNL during the experimental mastitis in the severely diseased cows. The number of circulating neutrophils was higher in the moderately diseased cows than in the severely diseased cows before and during experimental mastitis (Figure 3) . In another study, a relationship was also demonstrated between the number of circulating PMNL and increased incidence of postpartum disease in cows (19). However, neutrophil functions were not investigated in the latter study. cows. *P < .05, **P < .01, and ***P < .001.
CONCLUSIONS
Before induction of the experimental E. coli mastitis, the number of circulating PMNL and the chemotactic response of these cells were greater for the moderately diseased cows than for the severely diseased cows. During the first stages of the experimental mastitis, the chemotactic response of W C decreased in both groups. Recovery of the chemotactic response of WBC was more rapid in moderately diseased cows than in severely diseased cows.
